A n adult male developed shock some hours after the start of intravenous alimentation. The caval catheter, which had been inserted through the right subclavian vein, was later radiographically demonstrated to be in the pericardial sac. We reviewed the literature on this and other complications of caval catheters. From this information and our own experience we offer some suggestions for prevention and management of some of the complications of caval catheters.
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Long venous catheters are being used more frequently for measurement of cardiovascular parameters in acute illness and for alimentation. Because caval catheters are inserted into thin-walled, low-pressure vessels, there is always a danger of perforation either by the advancing tip during insertion or later by erosion of the wall.
Mr. J.c., aged 47, suffered head and chest injuries in a motor vehicle accident. He required ventilatory support for this combination of injuries and because he was not fully conscious for a prolonged period it was thought best to feed him intravenously. Accordingly a caval catheter was inserted through his right subclavian vein using a percutaneous catheter-through-needle technique. The vein was easily punctured and a free flow of venous blood was obtained when the stilette of the "CAVA-FIX" (Braun) was removed. With the guide in situ a catheter was ~hreaded through to what was thought an appropriate distance. It was secured after blood was seen to flow again back down the catheter.
A-P chest x-ray taken soon after appeared to show the catheter lying in the superior vena cava. The distal section of the catheter however was not clearly demonstrated against the equally radio-opaque mediastinal structures.
Alimentation fluid was infused at 83 ml per hour. All seemed normal until five and a half hours later when the patient suddenly collapsed. He was hypotensive, had a tachycardia and his conscious state deteriorated to coma. His heart sounds were not clearly heard on auscultation and his neck veins were not markedly distended. Air entry was present equally on both sides of his chest.
The patient was postured head-down and in order to exclude air embolism via the catheter apparatus the caval line was aspirated using a large syringe. Blood stained transparent fluid was easily recovered. The patient's blood pressure rose after some 50 ml had been withdrawn. He returned to his prior state of consciousness soon after.
The aspirated fluid gave a strongly positive reaction to the "Dextrostix" test for sugar. Further aspiration, later accompanied by left lateral and supine posturing, eventually resulted in the recovery of almost 450 ml of bloodstained transparent fluid. This approximated to all the alimentation fluid infused prior to the patient's collapse.
With the catheter fixed in its original position seven ml of "Conray 280" was injected through it. Chest x-ray ( Figure 1 ) showed the catheter lying across the heart shadow, and the pericardial sac was clearly outlined.
"Depomedrol" 80 mg, gentamycin 80 mg and crystalline penicillin 600 mg were injected through the catheter which was then flushed with 5 ml of sterile saline.
With suction applied the catheter was slowly withdrawn. Only when it had been withdrawn 10 cm was a free flow of blood encountered. It was withdrawn a further 3 cm and fixed in position.
Alimentation and other treatment were continued as before but this time without incident. The patient made progressive improvement in his cerebral state. His chest improved. He was discharged well two months later. 
ANATOMY
The pericardium is a conical, fibroserous sac which contains the heart and the roots of the great vessels. The outer fibrous sac of the pericardium is continuous with the external coats of the great vessels above and is attached inferiorly to the central tendon and a small part of muscular substance of the left half of the diaphragm. Superior and inferior sternopericardial ligaments attach the sac to the sternum anteriorly, thus securely anchoring the sac and its contents in nhe mediastinum and maintaining the heart's position within the chest.
Anaesthesia and Intensive Care, Vol. VII, No. 2, May, 1979 As a result of convulsions during development the posterior of the pericardium is arranged into oblique and transverse sinuses by folds covering the aorta and pulmonary trunk and venae cavae and pulmonary vein. Free passage is easiest on the anterior aspect of the heart.
The sac contains the terminations of all conduits to and from the heart except the inferior vena cava which enters through the central tendon of the diaphragm. Thus a perforation of the terminal superior vena cava or the right atrium or right ventricle will enter the pericardial sac.
DISCUSSION
Complications of the use of caval catheters have been frequently reported, particularly since the advent of caval catheters for alimentation purposes.
These complications may be summarized: Burri and Ahnefeld (1978) summarizing the European experience up to 1977, found the subclavian catheter was the most satisfactory of caval catheters. It had a low incidence of failure to place (6.18 % ), of wrong position (6.0%), of local thrombosis (0.34%), of distant emboli (0.34%) and distant sepsis (0.5% ).
The major complications of subclavian catheters are due to injury to adjacent structures under the clavicle. The subclavian artery is injured in 1.39%, nhe right pleural dome and subjacent right lung apex is injured in 1.08 % leading to pneumothorax. The mortality associated with subclavian caval catheters is 0.1 %. Other approaches to caval placement of a catheter are associated with higher local or distant complication rates. The least acceptable route is l'hat via the femoral vein. This latter approach would only be acceptable if other avenues are prohibited by sepsis, burns or onher injuries.
In artificially ventilated patients there is a case for the use of the basilic or cephalic veins in order to be further removed from a potentially infecting tracheostomy site.
On the description here given it may be reasonably assumed that our subclavian catheter perforated the superior caval wall or the right atrium within the pericardial sac. This would account for the cardiac tamponade on infusion and also explain why no blood was able to be aspirated until the catheter had been withdrawn some lO cm. The outlining of the pericardial sac by injected radio-opaque dye establishes the catheter to be in the pericardial sac. The aspiration of almost exactly the amount infused established the infusion to be into a limited space and little or no absorption to have occurred. Burri and Ahnfeld (1978) found 41 reports of cardiac perforation by catheter with 34 deaths. The earliest report appears to be from Brown and Kent (1956) . Kuiper (1974) reports tamponade and death in a patient receiving parenteral nutrition. Greenall et al. (1975) , analyzing reports of 16 patients who developed cardiac tamponade as a complication of the use of a caval catheter, found that of these 14 died. They advocated the removal of the catheter and needle pericardiotomy for decompression of pericardial sac. Up to that time they reported no radiological confirmation of misplacement of the catheter.
McHenry and Hopkins ( 1968) reported right ventricular perforation and cardiac tamponade as a result of an infusion associated with a bipolar transvenous pacemaker which perforated the right ventricular outflow tract. Radiological evidence showed the pacer in position curving upwards in the right ventricle.
Autopsy findings indicative of atrial or myocardial perforation are reported by Friedman and Jurgeleit (1968) , Kline and Hoffman (1968) , Adar and Mozes ( 1971 ) amongst others and more recently by Csanky-Treels (1978) .
Two recent reports of distal perforations not involving the heart are from McMahon (1973) reporting a mediastinal haematoma from presumably superior caval perforation by a stiff catheter and from Axelsson and Knudsen ( 1978) reporting ascites as a result of inferior caval perforation.
There have been many reports of myocardial perforation during cardiac catheterization for angiography and physiologic studies. In these instances detection is more rapid and protocols have developed for management.
In reviewing our own patient's management it is apparent that the catheter was inserted too far, despite the reassurance from post-placement chest x-ray which appeared to show the catheter in the S.V.C. These catheters are poorly radio-opaque and their terminal portion is easily "lost" in the mediastinum or cardiac outline on chest x-ray. They would be much safer if they were more radio-opaque. Obviously the length of catheter to be inserted for proper placement needs to be measured out on the patient prior to venepuncture.
Because there are a variety of causes of shock-like states in a critically ill, artificially ventilated patient a differential diagnosis ranging from tension pneumothorax to sepsis and on to cardiac tamponade needs to be considered. It is perhaps fortunate that an attempt to exclude air-embolism was made early because in the absence of distended neck veins and when the heart sounds were able to be heard well enough cardiac tamponade does not immediately and clearly come to mind. Perhaps the use of artificial ventilati<;)ll contributed to the tamponade or lessened Its clinical signs.
We would however question the advice of Greenall et al. (1975) to remove the catheter and perform needle pericardiotomy. The presence of the catheter already in pericardial sac would suggest this route to be premade for decompression. If this fails pericardiotomy should then be tried.
Finally, as a point of physiological interest it is clear that the pericardial sac is able to be filled up to a particular volume without a rise in pressure. Above that volume intra-sac pressure rises rapidly compressing the heart, and preventing filling during diastole.
